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12 Claims, No Drawings 



US 8,221,654 B2 
1 

EMI/RFI SHIELDING RESIN COMPOSITE 
MATERIAL AND MOLDED PRODUCT MADE 

USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority to and the bene?t of 
Korean Patent Application No. 10-2008-0125407 ?led in the 
Korean Intellectual Property Of?ce on Dec. 10, 2008, the 
entire disclosure of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to an electromagnetic wave 
interference (EMI)/radio frequency interference (RFI) 
shielding resin composite material, and a molded product 
made using the same. 

BACKGROUND OF THE INVENTION 

Electromagnetic wave generation is increased through 
highly ef?cient, high power consuming, and highly integrated 
electro-electronic devices. Electromagnetic waves cause 
malfunctions to other devices and systems or damage to the 
human body, so effective electromagnetic wave shield tech 
niques are required in order to shield the electromagnetic 
waves. 

EMI shielding effectiveness is represented by the follow 
ing Equation 1. 

S. B. (shielding effectiveness):R+A+B [Equation 1] 

In the above formula, R represents surface re?ection of an 
electromagnetic wave, A represents internal absorption of an 
electromagnetic wave, and B represents loss by multi-re?ec 
tion. 

The conventional method of shielding electromagnetic 
waves includes an applied printing and plating method using 
a metallic material. 

Since the metallic material has high conductivity (R value, 
impedance is low) and a high electromagnetic wave shield 
rate through the surface re?ection of electromagnetic waves, 
it is possible for even a thin metal to effectively shield elec 
tromagnetic waves. 

However, the printing and plating techniques, particularly 
the plating process, include complicated steps such as remov 
ing oils, etching, neutraliZing, activating, accelerating, metal 
depositing, activating, ?rst plating, second plating, third plat 
ing, and so on. Accordingly, these techniques have drawbacks 
such as high production costs and low productivity, particu 
larly in view of recent demands for increased productivity. 

In contrast, an electromagnetic wave shielding material 
using a polymer composite resin can be obtained by simply 
injecting a composite resin, so it is a very economical process 
with regard to production cost and productivity. 

However, in the case of a composite material using the 
polymer composite resin, since the electrical conductivity is 
lower than that of a metallic material, it is important to 
improve the surface re?ection and internal absorption among 
the factors shown in Equation 1. Accordingly, the resin com 
posite material has the drawback of deteriorated or reduced 
electromagnetic wave shielding ef?ciency when it is too thin. 
In order to increase the electromagnetic wave shielding ef? 
ciency of a resin composite material, the surface impedance 
thereof is decreased (electrical conductivity is increased), the 
R value is increased, and internal electromagnetic wave scat 
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2 
tering/absorption is further induced, so that the A value is 
increased to provide a highly effective electromagnetic wave 
shielding composite resin. 
The following publications relate to shielding of electro 

magnetic waves coming from all electronic devices such as 
radio frequency interference (RFI): an electromagnetic wave 
shielding device including a polymer substrate coated with 
metal on its surface (US. Patent Application Publication No. 
2007-0199738); an electromagnetic wave shielding material 
including a non-conductive polymer, a conductive polymer, 
and an electrical conductive metal powder (U. S. Patent Appli 
cation Publication No. 2007-0056769); a method of manu 
facturing an electrical conductive immersed ?ber by coating 
a conductive ?ber with a compatibilizer such as an organic 
wetting agent, and compositing the same in a resin (US. 
Patent Application Publication No. 2002-0108699); an elec 
trically conductive thermoplastic elastomer including a con 
ductive ?ller of nickel plated with silver in a styrene-ethylene 
butadiene-styrene copolymer (SEBS) based matrix material 
which is a non-conductive resin (US. Pat. No. 6,638,448); an 
electrically conductive composition in which a carbonaceous 
conductive ?ller is immersed in a blend of two polymer resins 
having different polarities and the carbonaceous conductive 
?ller is disposed on one having the higher polarity (US. Pat. 
No. 6,409,942); and a thermoplastic electromagnetic wave 
shielding sheet including a sheet material or polymer carrier 
that is capable of becoming porous during a thermoforrning 
process and including a low-melting point metal conductive 
?ller (US. Pat. No. 5,869,412). 

In addition, US. Pat. No. 5,183,594 discloses a conductive 
resin composite material including a tetrapod whisker, or 
including a powder, a ?ake, or a ?ber together with the tetra 
pod whisker. 

However, these materials do not satisfy the required elec 
tromagnetic wave shield effects. 

SUMMARY OF THE INVENTION 

An exemplary aspect of the present invention provides an 
electromagnetic wave interference (EMI)/radio frequency 
interference (RFI) shielding resin composite material having 
high electrical conductivity and excellent electromagnetic 
wave shield effects. 

Another aspect of the present invention provides a molded 
product made using the EMI/RFI shielding resin composite 
material. 

According to one aspect of the present invention, an EMI/ 
RFI shielding resin composite material is provided that 
includes (A) a thermoplastic polymer resin, (B) a tetrapod 
whisker, and (C) a low-melting point metal. 
The EMI/RFI shielding resin composite material includes 

about 40 to about 84 volume % of the thermoplastic polymer 
resin (A), about 5 to about 59 volume % of the tetrapod 
whisker (B), and about 1 to about 10 volume % of the low 
melting point metal (C). 
The tetrapod whisker (B) may be made of ZnO. 
The tetrapod whisker (B) may have four feet and a body, the 

foot may have a length of about 2 to about 100 pm from end 
to end, and the body may have a size of about 0. 1 5 to about 10 
pm. 
The tetrapod whisker (B) may be coated with a conductive 

material on its surface, and the conductive material may 
include silver, copper, aluminum, iron, palladium, tin oxide, 
indium oxide, silicon carbide, Zirconium carbide, titanium 
carbide, graphite, nickel, or a combination thereof. 
The low-melting point metal (C) may be a solid solution 

including at least two kinds of metal elements. 
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The low-melting point metal (C) may have a main compo 
nent including tin, bismuth, lead, or a combination thereof, 
and a minor component including copper, aluminum, nickel, 
silver, germanium, indium, zinc, or a combination thereof, 
and it may have a lower solidus temperature than tempera 
tures used in the process of making the EMI/RFI shielding 
resin composite material. 

The EMI/RFI shielding resin composite material may fur 
ther include (D) a glass ?ber ?ller in an amount of about 50 
parts by weight or less based on about 100 parts by weight of 
the EMI/RFI shielding resin composite material. 

According to another aspect of the present invention, a 
molded product made using the EMI/RFI shielding resin 
composite material is provided. 

Hereinafter, further embodiments of the present invention 
will be described in detail. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention now will be described more fully 
hereinafter in the following detailed description of the inven 
tion, in which some, but not all embodiments of the invention 
are described. Indeed, this invention may be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein; rather, these embodi 
ments are provided so that this disclosure will satisfy appli 
cable legal requirements. 
As used herein, when speci?c de?nition is not provided, 

the term “electromagnetic wave interference (EMI)/radio fre 
quency interference (RFI)” refers to “electromagnetic wave 
interference (EMI) or radio frequency interference (RFI)”. 

According to one embodiment, electromagnetic wave 
shielding effectiveness (S.B) represented by the following 
Equation 1 may be improved by decreasing impedance, that 
is, by improving conductivity. 

SB. :R+A+B [Equation 1] 

In the above Equation 1, R represents surface re?ection of 
electromagnetic waves (electrical conductivity), A represents 
inner absorption of electromagnetic waves, and B represents 
loss through multi-re?ection. 

The EMI/RFI shielding resin composite material accord 
ing to one embodiment of the present invention includes (A) 
a thermoplastic polymer resin, (B) a tetrapod whisker, and (C) 
a low-melting point metal. The EMI/RFI shielding resin com 
posite material includes about 40 to about 84 volume % of the 
thermoplastic polymer resin (A), about 5 to about 59 volume 
% of the tetrapod whisker (B), and about 1 to about 10 volume 
% of the low-melting point metal (C). 

The EMI/RFI shielding resin composite material accord 
ing to one embodiment is prepared by mixing the compo 
nents. The composite material has a structure including a 
matrix of the thermoplastic polymer resin, and the tetrapod 
whisker and low-melting point metal dispersed in the matrix 
to provide a network. 

Exemplary components included in the EMI/RFI shielding 
resin composite material according to embodiments of the 
present invention will hereinafter be described in detail. 

(A) Thermoplastic Polymer Resin 
Exemplary thermoplastic polymer resins include without 

limitation polyamides; polyalkylene terephthalates such as 
polyethylene terephthalate, polybutylene terephthalate, and 
the like; polyacetals; polycarbonates; polyimides; polyphe 
nylene oxides; polysulfones; polyphenylene sul?des; polya 
mide imides; polyether sulfones; liquid crystal polymers; 
polyetherketones; polyetherimides; polyole?ns such as poly 
ethylene, polypropylene, and the like; acrylonitrile-butadi 
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4 
ene-styrene; polystyrenes; syndiotactic syndiotactic polysty 
renes; and the like; and combinations and blends thereof. 

In one embodiment, the thermoplastic polymer resin is a 
crystalline polymer resin such as polyethylene, polypropy 
lene, polyethylene terephthalate, polybutylene terephthalate, 
syndiotactic polystyrene, polyetherketone, polyphenylene 
sul?de, and the like, and combinations thereof. When the 
EMI/RFI shielding resin composite material includes 
polyphenylene sul?de, for example, it is possible to simulta 
neously increase crystallization speed and crystallinity, 
decrease viscosity and absorption rate, and improve heat 
resistance. 
The EMI/RFI shielding resin composite material may 

include the thermoplastic polymer resin in an amount of 
about 40 to about 84 volume %, and in another embodiment, 
about 60 to about 80 volume %, based on the total amount of 
EMI/RFI shielding resin composite material. When the EMI/ 
RFI shielding resin composite material includes the thermo 
plastic polymer resin in an amount within this range, the 
process and the EMI shield ef?ciency can be improved. 

(B) Tetrapod Whisker 
The tetrapod whisker according to one embodiment is used 

for a ?ller, and can provide the bene?t of easily providing an 
inter-?ller network to effectively decrease the impedance. It 
is currently believed that the tetrapod whiskers may be uni 
formly distributed in the polymer matrix, regardless of the 
?ow of the molded composition, and thus can be helpful for 
the formation of the network. In addition, the tetrapod whis 
ker can easily induce the internal electromagnetic wave scat 
tering of the EMI/RFI shielding resin composite material due 
to the four-directional complex shape, and simultaneously, 
can further effectively induce the internal electromagnetic 
wave scattering of EMI/RFI shielding resin composite mate 
rial due to a partial wear and broken-cut of the feet. As a result, 
the internal absorption value (A value) of electromagnetic 
waves can be effectively increased. 

The tetrapod whisker may be made of ZnO. The ZnO may 
be obtained by thermal evaporation of Zn powder. 

In addition, the tetrapod whisker may be a whisker com 
prising four feet, each having a length ranging from about 2 to 
about 100 pm from end to end, and a body having a size of 
about 0. l 5 to about 10 pm. When the tetrapod whisker has feet 
and a body with sizes within these ranges, it can be more 
effective in providing an inter-whisker network. Speci?cally, 
when the foot length is about 10 to about 40 pm from end to 
end and simultaneously the foot aspect ratio is less than about 
30, and in one embodiment, about 3 to about 30, and the body 
size is about 1 to about 10 pm, the tetrapod whisker may be 
more suitable for providing an inter-whisker network and a 
polymer fusion process. 
The term aspect ratio refers to the ratio of the length/width 

of the tetrapod whisker foot. When the aspect ratio is about 30 
or more, the network effect may be deteriorated since the foot 
of the tetrapod whisker can be easily broken. 
The tetrapod whisker may be coated with a conductive 

material on its surface, and in that case, it can provide elec 
trical conductivity. 

Exemplary conductive materials include without limita 
tion silver, copper, aluminum, iron, palladium, tin oxide, 
indium oxide, silicon carbide, zirconium carbide, titanium 
carbide, graphite, nickel, and the like, and combinations 
thereof. 
The EMI/RFI shielding resin composite material may 

include the tetrapod whisker in an amount of about 5 to about 
59 volume %, for example about 20 to about 40 volume %, 
based on the total amount of EMI/RFI shielding resin com 
posite material. When the EMI/RFI shielding resin composite 
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material includes the tetrapod whisker in an amount in this 
range, the inter-whisker network can be easily formed. 

(C) Low-Melting Point Metal 
The low-melting point metal according to one embodiment 

can maximize the inter-?ller network. It can also easily form 
the inter-?ller network together with the tetrapod whisker to 
effectively decrease the impedance, so as to further improve 
the electromagnetic wave shield e?iciency. 

The low-melting point metal is a solid solution including at 
least two kinds of metal elements, and includes a main com 
ponent (i.e., a majority component comprising greater than 
50%, for example at least about 75%, or at least about 85%, or 
at least about 90%, or higher, of the total weight percent ofthe 
low-melting point metal) and a minor component (i.e., a 
minority component comprising less than 50% of the total 
weight of the low-melting point metal). Exemplary main 
components include without limitation tin, bismuth, lead, and 
combinations thereof, and exemplary minor components 
include without limitation copper, aluminum, nickel, silver, 
germanium, indium, Zinc, and combinations thereof. Accord 
ing to one embodiment, the main component includes tin for 
an environmentally-friendly material. 

The low-melting point metal may have a solidus tempera 
ture (temperature at which solidi?cation is completed) that is 
lower than temperatures used in the process of making the 
EMI/RFI shielding resin composite material. When the low 
melting point metal has a solidus temperature that is lower 
than temperatures used to make the EMI/RFI shielding resin 
composite material by more than about 20° C., it can be 
bene?cial for the process of manufacturing a composite mate 
rial and forming an inter-?ller network. In another embodi 
ment, the low-melting point metal has a solidus temperature 
that is higher by more than about 100° C. than downstream 
processing temperatures, such as used in molding the com 
posite material to form a ?nal end product, which can provide 
the bene?t of stability. 
A more detailed description follows. In order for the low 

melting point metal to form a network in the thermoplastic 
polymer resin while manufacturing the EMI/RFI shielding 
resin composite material, the solidus temperature and the 
liquidus temperature (temperature at which solidi?cation 
begins) of the low-melting point metal that affect the disper 
sion have the following order: liquidus temperature>melting 
point of thermoplastic polymer resin>solidus temperature. 

Such solidus temperature may be controlled by the amount 
ratio of the main component and the minor component of the 
low melting point metal. Thereby, it is possible to control the 
physical properties such as liquidus temperature and 
mechanical strength. 

Speci?cally, when the conductive coating material of the 
tetrapod whisker is aluminum, the solid solution bene?cially 
includes aluminum; similarly, when the conductive coating 
material is copper, the solid solution bene?cially includes 
copper. 
One method of controlling a solidus temperature of the 

low-melting point metal by adjusting the element amount of 
the main component and the minor component includes pro 
viding a solid solution with another metal. Non-limiting 
examples of the method include controlling the solidus tem 
perature of tin/ copper (97/ 3 weight ratio) to 227° C., or con 
trolling the solidus temperature of tin/copper/silver (92/ 6/2 
weight ratio) to 217° C. 

The EMI/RFI shielding resin composite material may 
include the low-melting point metal in an amount of about 1 
to about 10 volume %, and in another embodiment, about 2 to 
about 5 volume % based on the total amount of the EMI/RFI 
shielding resin composite material. When the EMI/RFI 
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6 
shielding resin composite material includes the low-melting 
point metal in an amount within this range, it can be possible 
to further enforce the network of the tetrapod whisker. 

(D) Glass Fiber Filler 
The glass ?ber ?ller may be further included in the EMI/ 

RFI shielding resin composite material to improve the 
strength according to one embodiment. 
The glass ?ber ?ller may have a diameter of about 8 to 

about 13 um and a length of about 2 to about 5 mm, but is not 
limited thereto. When the glass ?ber ?ller has a diameter and 
length within these ranges, it can bene?t the enforcement 
effect and the process of making the composite material. 
The EMI/RFI shielding resin composite material may 

include the glass ?ber ?ller in an amount of about 50 parts by 
weight or lower, and in another embodiment, about 2 to about 
50 parts by weight, based on about 100 parts by weight of the 
EMI/RFI shielding resin composite material. 
When the EMI/RFI shielding resin composite material 

includes the glass ?ber ?ller in an amount within this range, it 
can be possible to improve the strength of EMI/RFI shielding 
resin composite material. 

(E) Other Additives 
The EMI/RFI shielding resin composite material accord 

ing to one embodiment may further include a variety of 
known additives, as required, such as an antioxidant, an ultra 
violet (UV) absorber, a ?ame retardant, a lubricant, a dye 
and/or pigment, and so on, as long as they do not damage the 
effects of the invention. The skilled artisan will understand 
the types and amounts of additives and how to use additives in 
the present invention without undue experimentation. The 
EMI/RFI shielding resin composite material may include the 
additives in an amount of about 0 to about 60 parts by weight, 
and in another embodiment, about 1 to about 30 parts by 
weight, based on about 100 parts by weight of the EMI/RFI 
shielding resin composite material. 
Another embodiment of the present invention provides a 

molded product made using the EMI/RFI shielding resin 
composite material. The molded product is applicable in 
?elds requiring an EMI/RFI shield, and it is particularly 
applicable for a display device such as a TV and a PDP 
requiring an excellent EMI/RFI shield, and an electro-elec 
tronic device such as a computer, a mobile phone, and an 
o?ice automation device. 

EXAMPLES 

The following examples illustrate the present invention in 
more detail. However, they are exemplary embodiments of 
the present invention and are not limiting. A person having 
ordinary skill in this art can suf?ciently understand parts of 
the present invention that are not speci?cally described. 

(A) Thermoplastic Polymer Resin 
The thermoplastic polymer resin is polyphenylene sul?de 

(PPS). Ryton PR-35 manufactured by Chevron Phillips 
Chemical is used for the PPS resin, and it has a zero shear 
viscosity of 1000[P] measured at 315.5° C. under a nitrogen 
atmosphere. 

(B) Tetrapod Whisker 
The tetrapod whisker is made of ZnO obtained by thermal 

evaporation using Zn powder, and it has a foot length of 10 to 
50 um and a body diameter of 1 to 10 pm. In addition, the 
tetrapod whisker is coated with silver on its surface. 

(C) Low-Melting Point Metal 
A tin/copper/ silver low-melting point metal having a main 

component of tin is used as the low-melting point metal. The 
mixing ratio of each element of the low-melting point metal is 
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tin/copper/silver:92/6/2 wt %, the solidus temperature is 
217° C., and the liquidus temperature is 3750 C. 

(D) Glass Fiber Filler 
The glass ?ber ?ller is ECS 03 T-717PL (manufactured by 

Nippon Electric Glass) having a diameter of 10 um and a 
length of 3 mm, and coated with silanes on its surface to 
improve interface adherence with the thermoplastic polymer 
resin of PPS. 

Using the components, an EMl/RFI shielding resin com 
posite material is prepared in each composition of Examples 
1 to 4 shown in the following Table 1 and Comparative 
Examples 1 to 4 shown in the following Table 2, in accor 
dance with the process (temperature: 3000 C.), and is pressed 
with a common twin screw extruder and an inj ector to provide 
a pellet. As shown in the following Table 1, if the amount of 1 
glass ?ber ?ller is recalculated into parts by weight, it would 
be 6.4 parts by weight based on the total of 100 parts by 
weight of the EMl/RFI shielding resin composite material. 

Using the obtained pellets, the speci?c volume resistance is 
measured in accordance with the ASTM D257 method, and 
the electromagnetic wave shield ef?ciency is measured in 
accordance with the ASTM D4935 method using a specimen 
having a thickness of 2.1T. The results are shown in the 
following Tables 1 and 2, respectively. 

TABLE 1 

anmnles 

Volume % 1 2 3 4 

PPS 88 78 68 63 
silver-coated tetrapod 10 20 30 30 
whisker 
Sn/Cu/Ag low—melting 2 2 2 2 
point metal 
glass ?ber ?ller i i i 5 

speci?c volume 3.0 X 10*2 1.8 X 10*2 6.6 X 10*3 8.3 X 10*3 
resistance [SQ/cm] 
average shielding 26 35 45 40 
effect [dB] at 2.1 T 

TABLE 2 

Comparative anmnles 

Volume % 1 2 3 4 

PPS 78 78 78 78 
silver-coated tetrapod 22 i i i 

whisker 
silver-coated whiskerl) i 22 i i 

silver ?ake2) i i 22 i 

nickel powder3) i i i 22 

speci?c volume 3.4 ><10*2 9.8 ><10*l 2.2 ><10*2 5.8 X 102 
resistance [SQ/cm] 
average shielding 28 15 22 5.5 
effect [dB] at 2.1 T 

l)silver-coated potassium titanate Whisker, which is a ?ber-structured Whisker having a 
diameter 0.3 to 0.6 pm and a length 10 to 20 pin 
2)silver ?ake having a diameter of 10 to 40 pin 

3)nickel powder of 5 to 30 pm 

From the results shown in Tables 1 and 2, Examples 2 to 4 
including both the tetrapod whisker and the low-melting point 
metal have lower or comparative speci?c volume resistances 
than those of Comparative Examples 1 to 4, and an excellent 
shield effect. In addition, although Example 1 includes the 
tetrapod whisker and the low-melting point metal in smaller 
amounts than Comparative Example 1, it exhibits similar 
speci?c volume resistance and shield effects. Furthermore, 
comparing Example 2 including the tetrapod whisker and the 
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low-melting point metal to Comparative Example 1 including 
only the tetrapod whisker in the same amount as the total 
amount of tetrapod whisker and low-melting point metal used 
in Example 2, Example 2 exhibits lower speci?c volume 
resistance than that of Comparative Example 1, and excellent 
shield ef?ciency. 

Particularly, it is understood that an inter-?ller network 
formed by using the tetrapod whisker and the low-melting 
point metal according to the examples is superior to that of 
only using the tetrapod whisker or that of only using the silver 
?ake or the nickel powder according to the comparative 
examples. In addition, comparing Comparative Example 1 to 
Comparative Example 2 con?rms that the tetrapod whisker is 
superior to the ?ber whisker. Comparing Comparative 

5 Example 1 to Comparative Example 3 con?rms that the inter 
?ller network provided by using the silver-coated tetrapod 
whisker is superior to that of using the silver ?ake. Particu 
larly, the examples con?rm that the low-melting point metal 
provides the whisker network with enforcement effects. 
Many modi?cations and other embodiments of the inven 

tion will come to mind to one skilled in the art to which this 
invention pertains having the bene?t of the teachings pre 
sented in the foregoing description. Therefore, it is to be 
understood that the invention is not to be limited to the spe 
ci?c embodiments disclosed and that modi?cations and other 
embodiments are intended to be included within the scope of 
the appended claims. Although speci?c terms are employed 
herein, they are used in a generic and descriptive sense only 
and not for purposes of limitation, the scope of the invention 
being de?ned in the claims. 

What is claimed is: 
1. An electromagnetic wave interference (EMl)/radio fre 

quency interference (RFI) shielding resin composite mate 
rial, comprising: 

(A) about 40 to about 84 volume % of a thermoplastic 
polymer resin; 

(B) about 5 to about 59 volume % of a tetrapod whisker; 
and 

(C) about 1 to about 10 volume % of a low-melting point 
metal comprising a main component selected from the 
group consisting of tin, bismuth, lead, and combinations 
thereof, and a minor component selected from the group 
consisting of copper, aluminum, nickel, silver, germa 
nium, indium, Zinc, and combinations thereof. 

2. The EMl/RFI shielding resin composite material of 
claim 1, wherein the tetrapod whisker (B) comprises ZnO. 

3. The EMl/RFI shielding resin composite material of 
claim 1, wherein the tetrapod whisker (B) comprises four feet 
and a body, 

wherein each foot has a length of about 2 to about 100 pm 
from end to end, and the body has a size of about 0.15 to 
about 10 pm. 

4. The EMl/RFI shielding resin composite material of 
claim 1, wherein the tetrapod whisker (B) is coated with a 
conductive material on its surface. 

5. The EMl/RFI shielding resin composite material of 
claim 4, wherein the conductive material is selected from the 
group consisting of silver, copper, aluminum, iron, palla 
dium, tin oxide, indium oxide, silicon carbide, Zirconium 
carbide, titanium carbide, graphite, nickel, and combinations 
thereof. 

6. The EMl/RFI shielding resin composite material of 
claim 1, wherein the low-melting point metal (C) is a solid 
solution comprising at least two kinds of metal elements. 

7. The EMl/RFI shielding resin composite material Delet 
edTexts of claim 1, wherein the low-melting point metal (C) 
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has a lower solidus temperature than the temperature of the (B) about 5 to about 30 volume % of the tetrapod whisker; 
EMl/RFI shielding resin composite material process. and 

8. The EMl/RFI shielding resin composite material of (C) about 1 to about 10 volume % of the loW-melting point 
claim 1, wherein the EMl/RFI shielding resin composite metaL 
material further comprises (D)g1a55 ?ber ?ller in an amount 5 11. The EMl/RFI shielding resin composite material of 
of about 50 parts by weight orless based on about 100 parts by Claim 10’ wherein the thermoplastic polymer resin is 
weight of the EMl/RFI shielding resin composite material. polyphenylene sul?de_ 

9_' A meldéd Produq made Psmg the EMI/RFI Shleldmg 12. The EMl/RFI shielding resin composite material of 
resm composne mammal Of Clalm 1' claim 11, wherein the low-melting point metal is a tin/copper/ 

10. The EMl/RFI shielding resin composite material of 
claim 1, comprising: 

(A) about 60 to about 84 volume % of the thermoplastic 
polymer resin; * * * * * 

10 silver low-melting point metal. 
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